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ABSTRACT 

I present an analysis of the 7-ray and afterglow energies of the complete sample of 17 short-duration 
GRBs with prompt X-ray follow-up. I find that 80% of the bursts exhibit a linear correlation between 
their 7-ray fluence and the afterglow X-ray flux normalized to t = 1 d, a proxy for the kinetic energy 
of the blast wave (Fx,i oa F*' °' 09 ). An even tighter correlation is evident between E 7 ^ so and Lx.i 
for the subset of 13 bursts with measured or constrained redshifts. The remaining 20% of the bursts 
have values of Fx,x/F 1 that are suppressed by about three orders of magnitude, likely because of low 
circumburst densities (Nakar 2007). These results have several important implications: (i) The X-ray 
luminosity is generally a robust proxy for the blast wave kinetic energy, indicating vx > v c and hence 
a circumburst density n > 0.05 cm -3 ; (ii) most short GRBs have a narrow range of 7-ray efficiency, 
with (e 7 ) « 0.85 and a spread of 0.14 dex; and (iii) the isotropic-equivalent energies span 10 48 — 10 52 
erg. Furthermore, I find tentative evidence for jet collimation in the two bursts with the highest i? 7i j so , 
perhaps indicative of the same inverse correlation that leads to a narrow distribution of true energies in 
long GRBs. I find no clear evidence for a relation between the overall energy release and host galaxy 
type, but a positive correlation with duration may be present, albeit with a large scatter. Finally, I note 
that the outlier fraction of 20% is similar to the proposed fraction of short GRBs from dynamically- 
formed neutron star binaries in globular clusters. This scenario may naturally explain the bimodality of 
the Fx I Fj distribution and the low circumburst densities without invoking speculative kick velocities of 
several hundred km s _1 . 
Subject headings: gamma-rays: bursts 



1. INTRODUCTION 

One of the fundamental parameters of any explosive 
phenomenon is the overall energy release. In the specific 
case of gamma-ray bursts (GRBs), it is essential to mea- 
sure the energy of both the prompt 7-ray phase (E 7 ) and 
the blast wave which powers the afterglow (Ek), since 
these two quantities define the total relativistic output 
of the central engine (E ie \) and the efficiency of energy 
dissipation in the form of 7-rays (e 7 = E^/E Te \), While 
the isotropic-equivalent prompt energy is easily derived 
from the observed fluence (F 7 ) and distance (dr,(z)) of the 
burst, a measurement of Ek is more challenging because it 
requires observations of the afterglow over a broad range in 
time and frequency (e.g., Berger et al. 2000; Panaitescu & 
Kumar 2002; Yost et al. 2003). Luckily, the afterglow flux 
at frequencies above the synchrotron cooling frequency, v c , 
provides a robust proxy for Ek since it is independent of 
the circumburst density and depends only weakly on the 
fraction of shock energy in magnetic fields, es (Kumar 
2000; Freedman & Waxman 2001; Berger et al. 2003a). 
For typical parameters (Panaitescu & Kumar 2002; Berger 
et al. 2003a), the soft X-ray band lies above v c , and there- 
fore the X-ray luminosity Lx oc e e EK', here e e is the frac- 
tion of shock energy in relativistic electrons. 

In the case of the long-duration GRBs (Tgo J> 2 s), ex- 



tensive studies of the relativistic energy output based on 
these various techniques suggest that for most bursts E 7 , 
Ek, and most importantly their sum, span less than an 
order of magnitude around ~ 10 51 erg when corrected for 
jet collimation of the ejecta (Frail et al. 2001; Panaitescu 
& Kumar 2002; Berger et al. 2003a; Bloom et al. 2003; 
Berger et al. 2003b). Recent observations of low redshift 
long GRBs paint a more complicated picture in which a 
population of sub-energetic bursts (~ 10 50 erg) likely dom- 
inates the overall GRB rate (Soderberg et al. 2004, 2006b). 
Still, the conclusion that the energy release of long GRBs is 
in the range typical of supernovae, and that they are colli- 
mated with opening angles of 0j ~ 5°, has placed valuable 
constraints on the progenitor and engine models. 

The discovery of afterglow emission from short-duration 
GRBs less than 2 years ago makes it now possible to carry 
out a similar analysis of their total energy output. Early 
observations indicated a lower isotropic-equivalent energy 
release compared to long GRBs, ~ 10 48 — 10 49 erg, in both 
the prompt and afterglow phase (Berger et al. 2005b; Fox 
et al. 2005; Gehrels et al. 2005; Bloom et al. 2006), as well 
as wider jet opening angles (Burrows et al. 2006; Soder- 
berg et al. 2006a). In addition, Nakar (2007) noted based 
on a small sample of six bursts that the ratio of afterglow 
X-ray flux and 7-ray fluence, Fxt/F^, appears to have a 
bimodal distribution with values of ~ 10~ 2 and <J 10~ 4 . 
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They argue that the latter bursts require a low circum- 
burst density, n <J 1CP 5 cm -3 , likely due to ejection of the 
progenitor system from its host galaxy into the intergalac- 
tic medium 4 . 

The recent association of several short GRBs with faint 
galaxies, of which several have been spectroscopically con- 
firmed to be at z ~ 0.4 — 1.1, indicates a wide redshift 
distribution, and hence a wider range of energies than 
previously proposed (Berger et al. 2006). Here, I take 
advantage of these new observations to study the prompt 
and afterglow energies of the complete sample of 17 short 
bursts with prompt X-ray follow-up, a much larger sam- 
ple than previously investigated. Of these 17 bursts, eight 
have measured rcdshifts, and an additional five have ap- 
proximate or constrained redshifts. Using the 7-ray flu- 
ences and X-ray fluxes normalized to 1 day after the burst 
I show that E ly [ so and Ekaso span at least three orders of 
magnitude (possibly up to ~ 10 52 erg). More importantly, 
I establish that 80% of the bursts exhibit a tight correla- 
tion between their prompt and afterglow energy output, 
suggesting a narrow distribution of e 7 , while 20% indeed 
have ratios of Fx jF 1 that are suppressed by three orders 
of magnitude. These results place important constraints 
on the progenitor and energy extraction models, as well as 
the properties of the circumburst medium and the shock 
microphysical parameters. 

2. PROMPT GAMMA-RAY AND X-RAY AFTERGLOW 
ENERGIES 

The 7-ray and X-ray afterglow properties of the 17 short 
bursts with prompt X-ray follow-up are listed in Table 1. 
I also list the available measurements or constraints on the 
redshift from host galaxy and afterglow observations. The 
relevant references are provided in the Table. 

For GRB 061210 the X-ray fluxes have not been pub- 
lished and I therefore obtained the XRT data from 
the High Energy Astrophysics Science Archive Research 
Center 5 . I processed the data with the xrtpipeline script 
packaged within the HEAsoft software, using the default 
grade selection and screening parameters to produce a 
light curve for the 0.3 — 10 keV energy range. Using a 
Galactic neutral hydrogen column density, Njj ~ 3.4 x 10 20 
cm~ 2 , and a typical f3x ~ — 1-1, I find a conversion rate 
of 1 count s -1 = 4 x 10~ n erg cm~ 2 s _1 . In addition, in- 
spection of the X-ray light curve of GRB 061006 (Schady 
et al. 2006) reveals a possible steepening at t ~ 10 5 s. To 
investigate this possibility I obtained the XRT data from 
HEASARC and followed the same analysis procedure as 
for GRB 061210. I find a likely steepening using data that 
were obtained 3 — 4 days after the burst, with a flux decay 
rate, ax ~ —1.9. 

In the analysis below I use the standard cosmological 
parameters: H a = 70 km s _1 Mpc -1 , Cl m — 0.27, and 
Ov = 0.73. 

In Figure 1, I plot the histograms of F~, and Fx.i, the 
X-ray flux normalized to t — 1 d after the burst. I use the 
observed values of ax when available, or the median value, 
(ax) ~ — 1-1, when the decay rate is not known. The ma- 

4 Nakar (2007) also propose that a wide dispersion in the shock p. 
5 http://heasarc. gsfc.nasa.gov/W3Browse/ 



jority of the bursts span about two orders of magnitude 
around Fx.i ~ 10~ 13 erg cm~ 2 s , similar to the width 
of the distribution for long GRBs (Berger et al. 2003a, 
2005a). However, there is a noticeable tail extending to 
fainter fluxes, which leads to an overall spread of about 
five orders of magnitude and a median flux of 3 x 10~ 14 
erg cm~ 2 s . The fluence distribution is narrower, with 
an overall width of about 2.7 orders of magnitude around 
a median value of 2 x 10~ 7 erg cm -1 . The median values 
of both F 7 and Fx,i are about a factor of five smaller than 
for Swift long GRBs (Berger et al. 2005a). 

More interesting is the apparent correlation between F-y 
and Fx,i for the majority of the bursts (Figure 1). The 
Spearman's rank correlation coefficient is p — 0.86, indi- 
cating a null hypothesis (no correlation) probability of only 
5.3 x 10~ 5 . Fitting the data, I find that the best-fit relation 
is linear, F x ,i = 10- 13 - 47±0 - 06 x (f 7 /i -«-68)i.oi±o.09 erg 
cm~ 2 s~ 4 with a scatter of about 0.4 dex based on a fit to 
13 of the 17 bursts that follow the trend. The tight linear 
correlation suggests that e 7 has a narrow distribution, and 
that in most bursts the X-ray band indeed lies above the 
cooling frequency and traces Ek- Based on the observed 
correlation I infer that e e EK/E 1 <x t\Fx,i/F 1 w 0.016 (see 
also Nakar 2007). For a typical e e <~ 0.1, the fraction of 
energy emitted in 7-rays is thus e 7 ~ 85%, with an overall 
range of about 55 — 95%, similar to the values inferred for 
long GRBs (Panaitescu & Kumar 2002). 

An even tighter correlation is evident between the X- 
ray luminosity, L x ,i oc e e EK,iso, and E 7 ,i so ; Figure 2. The 
isotropic X-ray luminosity is given by: 

L x ,i =^d 2 L FxAl + z) ax - px -\ (1) 

where for vx > v Cl ax — flx = (2 — p)/4, p ~ 2 — 3 is the 
power law index of the electron distribution, ^(7) cx j~ p , 
and dh is the luminosity distance. The isotropic 7-ray 
energy (neglecting redshift-dependent bolometric correc- 
tions) is given by: 

E 7Mo = 4Trd 2 L F 7 (l + z)-\ (2) 

To assess L x ,i and E ly - mo I use the redshifts measured 
for eight bursts from their host galaxies, as well as ap- 
proximate redshifts for three bursts (050813, 060121, and 
061201) and limits for an additional two (051210 and 
060313). The Spearman's rank correlation coefficient is 
p = 0.94, (null hypothesis probability of only 3.2 x 10~ 6 ). 
The correlation appears to be slightly non- linear, Lx,i oc 
^7 iso ±0 ° 6 ' primarily because for p > 2 the dependence 
on (1 + z) docs not cancel out when taking the ratio of 
Equations 1 and 2. As can be seen from Table 1, the 
bolometric correction factors to E 1: - lso are in the range of 
~ 3 — 15 when converting from the 15 — 150 keV band 
to the 20 — 2000 keV band. These upward corrections to 
^7,iso will tend to linearize the correlation. 

In addition to the overall strong correlation, it is also 
clear from Figure 2 that the range of inferred energies 
spans £ 7 , iso - 10 48 - 10 51 erg (15 - 150 keV), and may 
exceed ~ 10 52 erg if some of the bursts with unknown red- 
shifts are located at z ;> 1 , as suggested by their faint host 

:ters or e 7 may lead to the bimodal distribution. 
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galaxies (R ;> 23 mag; Berger et al. 2006). The full range 
of 3 — 4 orders of magnitude is similar to the spread in 
-5*7, iso observed for long GRBs (Frail et al. 2001; Bloom 
et al. 2003). 

3. IMPLICATIONS 
3.1. A Narrow Distribution of e 7 

The data presented in this paper conclusively show that 
the majority (80%) of all short GRBs exhibit a tight corre- 
lation between their isotropic-equivalent prompt 7-ray and 
blast wave kinetic energies (see also Nakar 2007). The in- 
ferred 7-ray efficiency is ~ 85% with a narrow spread of 
about 0.14 dex. This result is indeed verified by the three 
bursts for which detailed afterglow observations are avail- 
able, with derived e 7 values of 0.8 (GRB 050709; Fox et al. 
2005), 0.2 (GRB 050724; Berger et al. 2005b), and 0.65 
(GRB 051221a; Soderberg et al. 2006a). 

The remaining 20% of short bursts have X-ray fluxes 
that are suppressed by about three orders of magnitude 
compared to their 7-ray fluence. I stress that if this is in- 
deed due to a low circumburst density (§3.4), which leads 
to vx < v c , then observations of the afterglow at higher 
X-ray energies (above hu c ) should recover the same narrow 
distribution of e 7 seen for the bulk of the population. 

The observed correlation and the inferred narrow dis- 
tribution of e 7 have several crucial implications for short 
GRB progenitor models, the energy extraction mechanism, 
and burst properties such as the circumburst density and 
shock microphysics. The overall narrow spread in e 7 , and 
the median value, are similar to those observed in long 
GRBs (Panaitescu & Kumar 2002), suggesting that the 
properties of the relativistic outflow are similar for long 
and short bursts and are generally independent of the iden- 
tity of the progenitor or the circumburst environment. 

In addition, the tight correlation between 7-ray and af- 
terglow energies indicates that for most bursts the under- 
lying assumption that vx > v r _ is indeed correct. There- 
fore the required circumburst densities are (Granot & Sari 

2002) n £ 0.05 (1 + z^^e^^E 1 ^ 2 cm" 3 , typical of in- 
terstellar environments. In the context of binary compact 
object progenitors (NS-NS, NS-BH), the inferred densi- 
ties indicate that the majority of the progenitors do not 
experience kick velocities that are large enough for ejec- 
tion into the intergalactic medium and/or that the merger 
timescales are short enough that the distance traveled is 
^ 10 kpc. Finally, the fraction of energy in relativistic 
electrons, e e w (1 — e^Ex/E^, must also have a nar- 
row distribution, since both e 7 and Ek / E 1 have a narrow 
spread. 

3.2. Isotropic- Equivalent Energies and Beaming 
Corrections 

While there is a clear correlation between i? 7 ,iso and 
Ek,iso, the overall spread in isotropic-equivalent energies 
appears to be wider than for the beaming-corrected en- 
ergies of long GRBs, unless the outflows of short GRBs 
with the highest energies are strongly collimated. To date, 
only GRB 051221a exhibits evidence for significant beam- 
ing, with f b = [1 — cos(0j)] « 7.5 x 10~ 3 (Burrows et al. 
2006; Soderberg et al. 2006a), while GRB 050709 appears 



to have a wide jet with /& « 0.06 (Fox et al. 2005). In gen- 
eral short GRB jets appear to be wider than those of long 
GRBs with 6j £ 10° compared to (6j) w 5° (Soderberg 
et al. 2006a). 

In the larger sample presented here two additional 
bursts with known redshifts (061006 and 061210) exhibit 
steep decays, ax ~ —2, at late time, reminiscent of a 
post jet break evolution (for which the expected value is 
ax — —p with p ;> 2; Sari et al. 1999). In addition to 
GRB 051221a these bursts also have the largest secure val- 
ues of -E 7i i so - In the case of GRB 061006 there is a clear 
break at t w 1 x 10 5 s, while for GRB 061210 the light 
curve is already in the rapid decay phase at the time of 
the first observations, f«2x 10 5 s. Using the conversion 
from jet break time to opening angle (Sari et al. 1999): 

e j =0.21t%\l + z)-^E^(e 1 /0.8) 1 / s n 1 /8 , (3) 

I find 9j « 0.12 for GRB 061006 and 9j £ 0.16 for 
GRB 061210 (n = 10~ 2 cm" 3 ). Thus, in the context of jet 
breaks, the beaming-corrected energies are E~ t ss 5 x 10 48 
erg and < 6 x 10 48 erg, respectively. These values are 
within a factor of few of E 1 w (1 — 2) x 10 49 erg in- 
ferred for GRB 051221a (Soderberg et al. 2006a), and 
E 1 w 2.1 x 10 48 inferred for for GRB 050709 (Fox et al. 

2005) . 

If the observed steep decays are indeed due to jets, this 
leads to a similar inverse correlation between E[ so and 
beaming correction that is observed in long GRBs (Frail 
et al. 2001; Berger et al. 2003a; Bloom et al. 2003), and 
thus to a narrow distribution of _E rc i ~ 10 48 — 10 49 erg. 
Models of the relativistic outflows from black hole accre- 
tion systems relevant for short GRBs indicate £7 re i,iso ~ 
10 49 — 10 52 with opening angles of ~ 5 — 15° (Janka et al. 

2006) , in good agreement with the observations presented 
here. It is thus possible that short GRBs also exhibit a 
nearly standard energy release, with an overall scale that 
is two orders of magnitude smaller than that of long GRBs. 

The proposed beaming corrections also impact the na- 
ture of the energy extraction mechanism. In particular, 
extraction via vv annihilation has been argued to provide 
at most E le \ ~ few x 10 48 erg (Rosswog & Ramirez-Ruiz 
2002), which may be sufficient if the beaming corrections 
are valid. On the other hand, if the observed steep de- 
cays are not due to jets, then the required large ener- 
gies likely point to MHD processes such as the Blandford- 
Znajek mechanism (Blandford & Znajek 1977; Rosswog 
et al. 2003; Soderberg et al. 2006a), which can produce 
luminosities in excess of 10 52 erg s~ 2 . These possibilities 
have to be assessed with a larger sample of bursts, with 
particular attention to multi-wavelength observations that 
can differentiate between bona-fide jet breaks and other 
scenarios (e.g., energy or density variations). 

3.3. Correlations with Duration and Host Galaxy Type? 

I further investigate whether there is a correlation be- 
tween the energy release and burst duration (T 90 ); Fig- 
ure 1. For the full sample I find a Spearman's rank corre- 
lation coefficient, p = 0.58, or a null hypothesis probabil- 
ity of only 7.5 x 10~ 3 . Removing GRB 050509b, which has 
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the shortest duration and smallest fhicncc, I find p = 0.49, 
or a probability of 2.6 x 10~ 2 that the null hypothesis is 
satisfied. Thus, I conclude that with the present sample 
the correlation between fluence and duration is suggestive, 
though not conclusive. 

A more physically meaningful test is whether E*y\ so is 
correlated with the rest-frame duration, r 90 /(l + z). In 
this case, I find that for the eight bursts with secure red- 
shifts the null hypothesis has a probability of 4.5 x 10~ 2 , 
so an overall correlation does not appear to be statisti- 
cally meaningful. Curiously, the sample of six bursts with 
secure redshifts and late-type host galaxies has p — 0.94 
(null hypothesis probability of only 6 x 10~ 4 ), but this re- 
sult is likely due to small number statistics. To conclude, 
there is some tentative evidence for a positive correlation 
between energy release and duration, but this will have to 
be re-assessed with a larger sample. 

Similarly, I check for a relation between energy release 
and host galaxy type. This is the case for Type la super- 
novae (SNe la), which tend to have lower luminosities in 
early- type galaxies than in late- type galaxies, likely due 
to a dependence on the progenitor ages (Gallagher et al. 
2005; Sullivan et al. 2006). Short GRBs also occur in both 
types of galaxies so a similar trend may shed light on the 
progenitor properties. In the sample presented here, three 
bursts have been localized to early-type galaxies (050509b, 
050724, and 050813), while six have secure late-type hosts 
(050709, 051221a, 060801, 061006, 061210, and' 061217). 
As can be seen from Table 1 both groups appear to span 
the full range of 7-ray energies and X-ray luminosities, 
suggesting no clear correlation with host galaxy type for 
the present sample. 

3.4. The Nature of the Outliers 

Finally, I return to the 20% of outliers with an unusually 
low ratio of Fx : i/F 7 . The possible nature of these objects 
has been discussed by Nakar (2007) who noted several pos- 
sibilities for the suppressed X-ray flux, in particular a low 
circumburst density (n <J 10~ 5 cm -3 ), typical of the in- 
tergalactic medium. This is argued to support the idea of 
large kick velocities, ;> 10 2 km s _1 , for some progenitors. 
Here I simply note that while all four outliers have fluences 
at the low end of the distribution, F 7 < 10~ 7 erg cm~ 2 
(Figure 1), the two with rcdshift constraints (050813 and 
051210) appear to reside at z ^ 1.5 and therefore their 
energies are at the high end of the overall distribution. No 
other parameters clearly distinguish the outliers from the 
bulk of the population that has a narrow distribution of 
e 7 , suggesting that indeed an extrinsic parameter such as 
the density is responsible for their low X-ray fluxes. 

In the context of a low density interpretation for these 
outliers, and given the clearly bimodal distribution, I pro- 
pose the following intriguing possibility. The observed 
fraction of 20% is similar to predictions of the fraction of 
short GRBs that may arise from dynamically-formed neu- 
tron star binaries in globular clusters (10 — 30%; Grindlay 



et al. 2006). This scenario may naturally explain the re- 
quired low densities since the intra-cluster medium of glob- 
ular clusters has a typical limit 6 of n <; few x 10~ 5 cm~ 3 
(van Loon et al. 2006), likely as a result of gas stripping 
from frequent passages through the Galactic disk. This 
scenario also naturally explains the bimodal distribution 
of Fx/Fj (and hence densities), since the bursts occur in 
either interstellar environments with n J> 0.05 cm -3 (§3.1) 
or in the low density environments of globular clusters. 
Thus, this alternative scenario removes the need for spec- 
ulative large kick velocities for the outliers (Nakar 2007), 
which in any case predicts a more uniform distribution of 
densities and hence Fx jF 1 than currently observed. 

4. SUMMARY 

Based on prompt 7-ray and X-ray afterglow observa- 
tions of a sample of 17 short GRBs with rapid XRT follow- 
up I find the following results: 

1. The majority of short GRBs (80%) follow a lin- 
ear correlation between E 1 and Ek, which indicates 
a narrow distribution of 7-ray efficiency (0.14 dex) 
with (e 7 ) ~ 0.85, similar to the values for long GRBs. 

2. The observed correlation also indicates that gener- 
ally vx > v c and therefore n ^ 0.05 cm -3 , indicative 
of interstellar explosion sites. 

3. The isotropic-equivalent energies span 10 48 — 10 52 
erg, similar in width to the distribution for long 
GRBs, but lower by about two orders of magnitude. 

4. Possible beaming corrections for several short bursts 
with the highest values of £? 7l i so may point to an in- 
verse correlation such that the true energy release 
has a narrow distribution of ~ 10 48 — 10 49 . 

5. There is a possible weak correlation between E lt i so 
and burst duration; no clear relation is evident be- 
tween energy release and host galaxy type. 

6. A small fraction of outliers (20%), with Fx jF 1 lower 
by three orders of magnitude, are likely the result of 
low circumburst densities. The low density, strong 
bimodality of the distribution, and similarity in pre- 
dicted rates, are naturally explained in a globular 
cluster origin as opposed to large kick velocities. 

With these properties of short GRBs well-established 
the next step is to assess the importance of beaming cor- 
rections, and hence the true distribution of total relativis- 
tic output from the central engine. 

I thank Alicia Soderberg and Ehud Nakar for valuable 
discussion, and acknowledge support by NASA through 
Hubble Fellowship grant HST-01171.01 awarded by the 
Space Telescope Science Institute, which is operated by 
AURA, Inc. for NASA under contract NAS 5-26555. 
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Table 1 

7-Ray and X-ray Properties of Short GRBs 



GRB 


z 


T90 
(s) 


F 7 a 
(erg cm" 


2 ) 




At 

(s) 


Fx 

(erg cm- 2 s" 1 


) 


a x 


Rcfs. 


050509b 


0.226 


0.040 ± 0.004 


(9.5 ±2.5) 


X 


10" 


9 


200 


(3.6 ± 1.1) X 10 


-13 


-1.1 


1-2 


050709 


0.1606 


0.070 ± 0.010 


(3.0 ±0.4) 


X 


10" 


76 


2.2 x 10 5 


(3.5 ±0.5) x 10 


-15 


-1.0 


3-5 


050724 


0.257 


3.000 ± 1.000 


(3.9 ± 1.0) 


X 


10" 


7 


6625 


(8.8 ± 2.1) x 10 


-13 


-1.0 


6-8 


050813 


~ 1.8 


0.600 ±0.100 


(1.2 ±0.5) 


X 


10" 


7 


2100 


(3.0 ± 1.2) x 10 


-14 


-2.0 


9-11 


050906 




0.128 ± 0.016 


(5.9 ±3.2) 


X 


10" 


8 


79 


< 8.0 x 10" 14 






12-13 


050925 




0.068 ± 0.027 


(7.5 ±0.9) 


X 


10" 


8 


100 


< 3.0 x 10" 14 






14-15 


051210 


> 1.55 


1.200 ± 0.200 


(8.1 ± 1.4) 


X 


10- 


8 


840 


(2.4 ±0.6) x 10 


-12 


-2.6 


16-17 


051221a 


0.5465 


1.400 ± 0.200 


(1.2 ±0.1) 


X 


10- 


6 c 


3.9 x 10 4 


(1.2 ±0.1) x 10 


-12 


-1.2 


18-19 


051227 




8.000 ± 0.200 


(2.3 ±0.3) 


X 


10- 


7 


3.5 x 10 4 


(1.8 ±0.6) x 10 


-13 


-1.1 


20-22 


060121 




1.970 ± 0.060 


(4.8 ±0.3) 


X 


10- 


6 d 


2.2 x 10 4 


(2.1 ±0.5) x 10 


-12 


-1.2 


23-25 


060313 


< 1.7 


0.700 ± 0.100 


(1.1 ±0.1) 


X 


10- 


6 e 


1.0 x 10 5 


(1.5 ±0.3) x 10 


-13 


-1.5 


26 


060502b 


... / 


0.090 ± 0.020 


(4.0 ±0.5) 


X 


10- 


8 


2.8 x 10 4 


(2.4 ±1.2) x 10 


-14 


-1.1 


10,17,27-29 


060801 


1.1304 


0.500 ± 0.100 


(8.1 ± 1.0) 


X 


10- 


8 


7.0 x 10 4 


< 3.6 x 10" 14 






10,17,30-31 


061006 


0.4377 


0.420 


(1.4 ±0.1) 


X 


10- 


69 


1.0 x 10 5 


(1.0 ±0.4) x 10 


-13 


-1.9 


17,32 


061201 


~ 0.1 h 


0.800 ± 0.100 


(3.3 ±0.3) 


X 


10- 


7 i 


3.4 x 10 4 


(2.0 ±0.5) x 10 


-13 


-1.9 


33-35 


061210 


0.4095 


0.190 


(1.1 ±0.2) 


X 


10- 


6j 


2.3 x 10 5 


(1.4 ±0.5) x 10 


-13 


-2.0 


17,36 


061217 


0.8270 


0.212 ± 0.041 


(4.6 ±0.8) 


X 


10- 


8 


1340 


(4.7 ± 1.0) x 10 


-13 


-0.6 


17,37 



Note. — Prompt emission and X-ray Properties of the short GRB discussed in this paper, including (i) GRB name, (ii) 
rcdshift, (iii) duration, (iv) 7-ray fluence, (v) time of X-ray observations, (vi) X-ray flux, (vii) X-ray temporal decay rate, 
and (viii) references. 

a Fluence is in the 15 — 150 keV energy band unless otherwise noted. 

b The fluence is in the 30 — 400 keV band and for the initial short pulse only; the total fluence including the ~ 130 s duration 
soft tail is F 7 « 1.5 x 10" 6 erg cm" 2 in the 2 - 400 keV band (Villasenor et al. 2005). 
c The fluence in the 20 - 2000 keV band is 3.2 X 10" 6 erg cm" 2 (Golenetskii et al. 2005). 
d The fluence is in the 2 - 400 keV band. 

e The fluence in the 20 - 2000 keV band is 1.4 X 10" 5 erg cm" 2 (Golenetskii et al. 2006a). 

* A redshift of 2 = 0.257 has been proposed by Bloom et al. (2007) based on a galaxy located 17.5" away from the XRT 
position, but a fainter galaxy of unknown redshift has been identified within the error circle (Berger et al. 2006). 
9 The fluence in the 20 - 2000 keV band is 3.6 X 10" 6 erg cm" 2 (Golenetskii et al. 2006). 

h The nature of the host is not clear, given the location of an Abell cluster at 2 = 0.0865 about 8' away (Bloom 2006; Berger 
2007), as well as a galaxy at 2 = 0.111 about 17" away (Berger 2006a). 

1 The fluence in the 20 - 3000 keV band is 5.3 X 10" 6 erg cm" 2 (Golenetskii et al. 2006b). 
' The fluence in the 100 - 1000 keV band is 2.0 X 10" 6 erg cm" 2 (Urata et al. 2006). 

References: [1] Gchrcls et al. (2005); [2] Bloom et al. (2007); [3] Villasenor et al. (2005); [4] Fox et al. (2005); [5] Hjorth et al. 

(2005) ; [6] Barthelmy et al. (2005b); [7] Berger et al. (2005b); [8] Grupe et al. (2006); [9] Sato et al. (2005); [10] Nakar (2007); 
[11] Berger (2006b); [12] Pagani et al. (2005); [13] Parsons et al. (2005); [14] Markwardt et al. (2005); [15] Beardmore et al. 
(2005b); [16] La Parola et al. (2006); [17] Berger et al. (2006); [18] Burrows et al. (2006); [19] Soderberg et al. (2006a); [20] 
Hullingcr et al. (2005); [21] Barthelmy et al. (2005a); [22] Beardmore et al. (2005a); [23] Donaghy et al. (2006); [24] Levan 
et al. (2006); [25] de Ugarte Postigo et al. (2006); [26] Roming et al. (2006); [27] Sato et al. (2006a); [28] Troja et al. (2006); 
[29] Bloom et al. (2007); [30] Sato et al. (2006b); [31] Racusin et al. (2006); [32] Schady et al. (2006); [33] Marshall et al. 

(2006) ; [34] Berger (2006a); [35] Berger (2007); [36] Cannizzo et al. (2006); [37] Ziaeepour et al. (2006). 
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Fig. 1. — X-ray flux normalized to t = 1 d and burst duration (Tgo) plotted against the 7-ray fluence for the complete 
sample of 17 short GRBs with prompt XRT follow-up. The majority of the bursts (80%) follow a clear linear relation 
between Fx a and F 1 suggesting a relatively standard fraction of energy emitted in 7-rays. At the same time, a subset 
of the short bursts have X-ray fluxes that are suppressed by about three orders of magnitude. The projected histograms 
indicate the full range of values for each observed quantity (arrows designate upper limits on the X-ray flux). There is 
also a possible correlation between Tgo and F 7 (with a large dispersion) - the null hypothesis of no correlation has a 
probability of only 0.75%. 
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Fig. 2. — X-ray luminosity normalized to t = 1 d (a proxy for e e EK,iso) plotted against E 7 ^ so for the short bursts with a 
known redshift (solid black circles), redshift constraints (open black circles) and without any redshift information (gray 
symbols connected by dotted lines). For the latter I plot the inferred values at z — 0.1 and 2=1, corresponding roughly 
to the lowest and highest redshifts securely measured to date. The isotropic-equivalent relativistic energies are as least as 
high as 10 51 erg, and may approach few x 10 52 erg for some short bursts (see also Berger et al. 2006). 



